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Introduction
here are numerous toxins and drugs that can cause, in overdose, ECG changes, even in patients without history of cardiac pathology (Lionte et al., 2012) . Cardiac dysrhythmia (also known as arrhythmia) is a term for any of a large and heterogeneous group of conditions in which there is abnormal electrical activity in the heart (Sköld, 2000) . Theophylline (1, 3-dimethylxanthine) , is a proven bronchodilator drug used in therapy for respiratory diseases such as asthma or chronic obstructive pulmonary disease (COPD) (Cazzola and Matera, 2007) . The occurrence of adverse effects with theophylline, even at levels in the therapeutic range, and the severity of its effects in acute and chronic overdose are notable (Reillyand Stawicki 2008) . Theophylline intoxication results in substantial morbidity and mortality, particularly in those with chronic overdosage (Shannon, 1999) . The major clinical effects of theophylline at both therapeutic and overdose result from adenosine antagonism, release of endogenous norepinephrine, and consequent adrenergic receptor stimulation and phosphodiesterase inhibition . Theophylline toxic reactions including nausea, vomiting, headache, diarrhea, irritability and insomnia, increase if the theophylline level exceeds 20µg/ml. At higher concentrations, there is a progressive increase of risk of toxic encephalopathy with hyperthermia, seizures, brain damage and death. Hyperglycemia, hypokalemia, hypertension and cardiac arrhythmia may also be observed at these higher levels (Visitsunthorn et al., 2001; Yoshikawa, 2007; Lionte et al., 2012) . The aim T of this work is to study ECG changes in cases of theophylline poisoning that were admitted to MPCC through the year 2011 and the relation between these changes and poison severity score.
Patients, Material and Methods
In this study, patients giving history of theophylline overdose and admitted to MPCC in the period from 1 st of January 2011 to 31 st of December 2011 were included. The study was carried out in an ethical manner following guidelines set by the Ethical Committee of Menofia University. Informed valid consent was taken from the patients (or the patient's guardian) before the study.
The demographic and clinical data were collected from each patient in a designed clinical toxicological sheet. Patients suffering from any systemic diseases, cardiac illness, any co-ingestions, past history of ECG changes and who did not give informed consent were excluded from the study.
Blood pressure, heart rate, blood electrolytes, arterial blood gas and liver and kidney function tests were compared with age-matched control values (Kliegman et al., 2008; Verma and Roach, 2010) At least one ECG tracing was done for each patient to be included in the study.
Blood samples were collected from patients on admission and theophylline serum level was measured by Chemiluminescent Immunoassay (CLIA) (Zhou et al., 2005 The studied cases were categorized according to the theophylline level as follows: mild toxicity (theophylline serum level 20-<40 µg/ml, moderate toxicity (40-<100µg/ml), severe toxicity (≥ 100 µg/ml) (Torraca and Wang, 1998), and therapeutic theophylline level (10-20 µg/ml) (Nolan et al., 2005) .
Again studied cases were classified according to poison severity score. The clinical severity of poisoning was graded according to the method described by Persson and coworkers, and developed by the International Program on Chemical Safety, the European Community, and the European Association of Poisons Centers and Clinical Toxicologists (IPCS/EC/EAPCCT) (Fruchtengarten, 2006) . The poisoning severity score (PSS) is a four-scale grading as (0) none, (1) minor, (2) moderate, (3) severe, and (4) fatal. It was determined at the time of initial inquiry and following recovery, using examination findings including the Glasgow coma score, pupil size, convulsion, respiratory rate, pulse rate, blood pressure, body temperature, ECG findings, pain assessment, and laboratory presentations (serum glucose, potassium, sodium, pH, and bicarbonate in arterial blood gases) (Persson et al., 1998) .
Statistical parameters to analyze the qualitative findings were applied by using chi-square (χ²). Pearson's Correlation Coefficient test was applied to test the correlation between the studied parameters. (Elliott and Woodward, 2007; Hansen et al., 2009) .
Results
During the duration from 1 st of January 2011 to 31 st of December 2011 the total number of theophylline poisoned patients admitted to MPCC patients was 44.
The age group of 20-<40 years was the largest, the least was age group of ≥ 40 yrs. Female patients constituted then majority (77.2%). Most cases were from rural side (65.9%) as showed in table (1). Table ( 2) demonstrated the relation between mode of exposure and both age and gender, where accidental poisoning was detected in the age group 5-<10, while suicidal mode of poisoning occurred in patients aged ≥10 years. The relation between age and mode of poisoning was highly significant (p<0.001). As regards the relation between gender and mode of poisoning, 87.9% of female cases were suicidal and 45.5% were accidental, on the other hand, 54.5% male cases were accidental and 12.1% were suicidal and the relation was significant (p=0.004). Table ( 3) showed that most of theophylline overdose cases had a minimal toxicity theophylline serum level (20-<40 µg/ml) representing 79.5%, followed by 11.4% had a therapeutic theophylline serum level (<20 µg/ml). Only 9.1% of the cases had a moderate toxicity level (40-<100 µg/ml) and no cases had a severe toxicity level.
A highly significant relation between the serum level and vomiting was found (P value <0.001), where all 44 cases that had level within therapeutic range didn't complain of vomiting. On the other hand, vomiting was evident in 80% of cases with minimal toxicity theophylline level and in 100% 0f cases with moderate toxicity level.
Similar results were found with dizziness, which was not a complaint of cases with a therapeutic serum theophylline level. On the contrary, dizziness was an evident complaint in cases of minimal and moderate toxicity theophylline levels representing 28.6% and 100% of cases respectively (Table 4) .
Table (5) showed the highly significant relation between theophylline serum level and severity grades of the studied cases according to PSS (P value <0.001), where all cases of the "none" grade of severity score had a therapeutic serum level, and all minor cases had minimal toxicity serum theophylline level. On the other hand, exactly one half of moderate and severe cases had minimal toxicity serum level, and the other half had moderate toxicity level.
Mild correlation was found between theophylline serum level and P CO2 (P value = 0.03) (Fig. 1) .
The Table ( 6) revealed a positive correlation between theophylline serum level and each of Ca blood level, pH of the blood and HCO3, which was nonsignificant.
There was a negative correlation between theophylline serum level and both Na + and K + blood level, but also was non-significant. A significant relation (P=0.02) was found between serum theophylline level and sinus tachycardia in all cases with moderate toxicity theophylline serum level, followed by cases with minimal toxicity level (74.3%) and cases with therapeutic level (20%). The relation between serum theophylline level and 2 nd degree heart block was significant (P value = 0.006). 2 nd degree heart block was found in 25% of cases with moderate toxicity theophylline serum level (Table 7) and (Figs. 2, 3, 4, 5) . Fisher's Exact test 12.6 0.004* * P value <0.05 = significant, ** P value <0.001 = highly significant 
sec (>6 small squares) − Second degree heart block: Mobitz type II: each P wave is followed by QRS complex; but occasionally one atrial beat is not conducted to the ventricles (one P wave is not followed by QRS complex).

Discussion
Theophylline is used to treat asthma and chronic obstructive pulmonary disease. The dose of theophylline is adjusted to maintain blood levels within a certain range. Theophylline toxicity may occur when a person take too much of the medication (Cazzola and Matera, 2007) . The present study revealed that females comprised most of the cases (77.2%) and also comprised the majority in suicidal mode of poisoning representing 87.9% (Table 1and2 ).
This coincided with Ruda et al., (2006) who stated that suicidal mode was the most common mode of acute intoxication. Also, Yasan et al., (2008) found that higher suicide attempt rates were observed in females compared to the males. On the contrary, Garg and Verma, (2010) found that poisoning cases among males (80.0%) dominated over females (20.0%), and the majority of cases were male victims of suicidal attempts. Predominance of females can be explained by lower educational level in females, a lower rate of employment and suppression of personal freedom by parents. Family conflicts and parental disagreement played important roles in suicidal attempts (Schmidtke, 1997) . Suicidal attempts can be explained by impulsive suicides which are generally motivated by anger, the desire to get even, the wish to frighten or punish others, or the need to avoid intense shame (Aslan et al., 2011) . Also oppressive attitude of the husband towards the wife, marriage at young age, and being a housewife (not working) have impacts on suicide attempts of women (Bilgin et al., 2007) .
The relation between mode of drug poisoning and different age groups was highly significant (P value <0.001), where all cases below 10 years old had taken the overdose accidentally ( Table 2) .
The predominance of age group 20-<40 years old in the present study coincided with Gorea et al., (2001) and Gupta and Vaghela,( 2005) who stated that maximum cases belonged to second and third decade of life. Also, Anthony and Kulkarni, (2012) stated that young women in the age group of 21-30 years accounted for 39.5% of the drug overdose cases, with nearly 50% being married, and were from an urban background.
As regards age group <5 years, this could be explained by the fact that children lack discrimination between harmful and non harmful things. Infants and small children are closer to the ground than older children; in addition, children have a natural exploratory curiosity and put everything in their mouths (Syeda et al., 2006) . Lacking of child protection is also another contributing factor (Tanner and Turney,. 2006 ).
Concerning accidental poisoning in age group 5-<10 years, it could be due to that this age had increased activities and skills causing more exposure to their environment (Gupta et al., 2003; Kliegman et al., 2008) .
In the present study, most of the cases were from rural areas (65.9%), while urban cases represented only 34.1% (Table 1) . This result was in accordance with the results reported by Adejuyigbe et al., (2002) and Oguche et al., (2007) who found that poisoning was more common among low socioeconomic classes. Also, Garg and Verma, 2010 stated that poisoning cases were more common in rural areas.
On the other hand, Cahfer and Ismail, (2004) , who studied cases of acute poisoning, had found that 57.7% of cases came from city center and 42.4% of the cases come from rural areas. This contrast may be due to difference in the sociodemographic pattern in the two studies.
This can be explained by the rural nature of Menofiya governorate and low socioeconomic standards associated with low levels of education and culture. Easy availability, extensive use and low cost of the chemicals, all make the population more vulnerable for accidental as well as suicidal poisoning (Unnikrishnan et al., 2005 ).
On measuring theophylline serum level in the present study cases that had theophylline toxicity, the serum theophylline level ranged between 2-75 µg/ml with mean value of 29.3 ± 14.4 µg/ml. This level is above therapeutic level as reported by Nolan et al., (2005) and Yin et al., (2012) who stated that theophylline has a narrow therapeutic window with an optimal plasma concentration of 10-20 µg/m. Above this concentration, toxic effects such as arrhythmias and convulsions may occur, especially when given rapidly by intravenous injection. Several other studies had recorded similar theophylline therapeutic levels. Shannon, (1999) reported therapeutic serum concentration of 5-20 µg/ml.; Karaman, (1994) and Stoloff, (1994) reported that levels over15 µg/ml were observed to be frequently toxic and a targeted therapeutic level between 5-15µg/ml was subsequently proposed. Some researchers argued that the therapeutic level should be between 8-12 µg/ml (Weinberger et al., 1989) . In another study, it has been proposed that it would be easier to adjust the therapeutic level to 8-15 µg/ml (Cheung et al., 2000) . Considering all these arguments, the therapeutic range between 8-20 µg/ml was accepted in the present study.
Theophylline serum level between 20-<40 µg/ml was reported in 79.5% of theophylline overdose cases (table 3) . This percent was high when compared to Sessler, (1990) who found that 10% and 2.8% of 5,557 consecutive serum theophylline concentrations (STCs) measured in the Emergency Departments (ED) over 2 years were greater than 20µg /ml and greater than 30µg /ml respectively.
In contrary to the current study results, Yoshikawa,( 2007) who studied 54 cases of theophylline associated seizures (TAS), and measured serum theophylline concentrations at the time of seizure in 42 cases, had found that the mean serum concentrations (10.79 µg/ml) were often within the therapeutic range (range 3.1-27.6 µg/ml).
On studying clinical manifestations in the cases of the present study, it was found that 80% of cases with minimal theophylline serum level and all cases of moderate level had vomiting. This can be explained by catecholamine induced gastric acid secretion (Marshall et al., (2004) .
This result was similar to that recorded by Altaie et al., (2011) who stated that high blood concentration of theophylline above the therapeutic range may cause nausea, vomiting, arrhythmia, and seizure. Lim et al., (2005) who studied treatment of theophylline toxicity with continuous venovenous haemofiltration, also reported that nausea, vomiting and tachycardia are common signs of theophylline toxicity.
In theophylline overdose cases, none of the cases had convulsions, and only 2.3% developed loss of consciousness. CNS manifestations of theophylline overdose are mediated by blocking adenosine receptors with elevation of seizure threshold Miura and Kimura, (2000) . This result was nearly similar to Visitsunthorn et al., (2001) who found that seizures were found in 1 out of 44cases of their study and were not severe and could be treated with benzodiazepines. On the other hand, Boison, (2011) stated that seizures are potentially severe or fatal complications of theophylline therapy. Also, Yoshikawa (2007) added that TAS is common in pediatric patients less than 5 years of age.
The difference in this study results in comparison to the literature can be due to the inaccuracy of the estimated dose (32.5% of the study cases gave history of unknown ingested dose), as the drug was not prospectively administered and the dose information relied on historical data from a witness, parent, or the patient. The proconvulsant and convulsant effects of methylxanthines are generally dependant on dose and mode of application (Gaudreault and Harwood, 2005) .
In regard to ECG changes, a significant correlation was found between theophylline serum level and sinus tachycardia; which was evident in all cases of moderate toxicity level, 74.3% of cases with minimal toxicity theophylline serum level, and in 20% of cases with therapeutic level. 2 nd degree heart block was evident in 25% of cases with moderate toxicity theophylline level (table 7) . ECG changes of theophylline can be explained by elevated plasma levels of epinephrine and norepinephrine secondary to theophylline toxicity (Marshall et al., (2004) .
The current study results coincided with Yin et al., (2012) found that levels of theophylline above therapeutic levels can cause tachyarrhythmia and cardiac arrest. Salamzadeh et al., (2008) stated that the most common side effect of theophylline toxicity is sinus tachycardia Mohamad et al., (2009) reported similar findings.
In the current study, there was a significant mild negative correlation between theophylline serum level and P CO2 (P value = 0.03). This is explained by hyperventilation which may be due to direct stimulation of the respiratory centre (Cheung et al., 2000) .
This result was in accordance with Visitsunthorn et al., (2001) who found that acidosis is a common abnormality in theophylline toxicity.
As regards the correlation between theophylline serum level and severity grades of the studied cases according to PSS, it was highly significant. This result agreed with Visitsunthorn et al., (2001) who stated that cardiovascular, gastrointestinal and neurological symptoms from theophylline toxicity were directly related to increased plasma theophylline levels. Similar results were recorded by Gaudreault and Harwood, (2005) .
Conclusion
A significant relation was found between theophylline serum level and sinus tachycardia; which was evident in all cases of moderate toxicity level, 74.3% of cases with minimal toxicity theophylline serum level. A highly significant direct relation between theophylline serum level and severity grades of the studied cases according to poison severity score (PSS).
A significant mild negative correlation between theophylline serum level and P CO2 was found; so it is recommended to apply serum theophylline level in approach to manage a case of theophylline intoxication.
